The presence and genetic content of integrons was investigated in eight Salmonella enteritica Typhimurium DT104 isolates from different pig herds in Denmark. Two different integrons were identified using PCR and sequencing. Each of the integrons carried a single resistance cassette in addition to the sul1 and qacEv1 genes characteristic of integrons. The first integron encoded the ant (3Q)-Ia gene that specified resistance to spectinomycin and streptomycin. The second contained the pse-1 Llactamase gene. All the multiresistant strains contained both integrons. The presence of these two integrons did not account for the total phenotypic resistance of all the isolates and does not exclude the presence of other mobile DNA elements. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
Introduction
Multiresistant Salmonella enterica serotype Typhimurium phage type DT104 has been reported with increased frequency in Europe and the United States [1^3] and since September 1996 multiresistant Typhimurium DT104 has been isolated from ¢ve pig herds in Denmark [4] . It has been inferred that the genes encoding resistance are chromosomally located in Typhimurium DT104 [2] , but the exact location has not yet been de¢ned nor the resistance genes identi¢ed.
A novel group of mobile DNA elements called integrons has been identi¢ed in Gram-negative bacteria. Integrons are able to incorporate single or groups of antibiotic resistance genes by site-speci¢c recombination and are found in both chromosomal and extrachromosomal DNA [5, 6] . Integrons comprise two conserved segments, the 5P conserved segment (5PCS) and the 3P conserved segment (3PCS), and an internal variable region. The latter is the target for integration of gene cassettes that encode antibiotic resistance with a recombination site termed the 59-base element [7] . The 5P conserved segment contains the integrase gene (intI), integration site (attI) for the integron and promoters for expression of all downstream gene cassettes. The 3P conserved segment encodes resistance to disinfectant (qacEv1) and sulfonamide (sul1) in the class 1 integrons. [8, 9] .
This study describes the genetic location of anti-biotic resistance genes in di¡erent integrons in Danish Typhimurium DT104.
Materials and methods

Bacterial strains
Eight isolates of porcine Typhimurium DT104 from eight di¡erent herds were collected as a part of the Danish Salmonella surveillance programme between 1994 and 1997 ( Table 1 ). All isolates were of the same PFGE type [4] . Two strains of Escherichia coli K12 that harboured plasmids R751 and R100,1 were kindly provided by L. Sundstro ë m [10] (Pharmaceutical Biosciences, Uppsala, Sweden) and were used throughout as controls of known integron sequences (GenBank accession numbers X72585 and X12870, respectively).
Antimicrobial susceptibility
Susceptibility to antimicrobial agents was determined by the two-fold dilution method using the Sensititre system (Accumed International Limited, East Grinstead, West Sussex, UK).
The antibiotics tested were: amoxicillin/clavulanic acid (A/Cl) 1/0.5^64/32 Wg ml 3I , ampicillin (Ap) 0.53 2 Wg ml 3I , apramycin (Ay) 0.5^64 Wg ml
, trimethoprim/sulfamethoxazole (Tp/Su) 0.12/ 2.37^8/152 Wg ml 3I .
Polymerase chain reaction
One bacterial colony was suspended in 1.0 ml phosphate-bu¡ered saline (PBS), centrifuged, the pellet resuspended in 100 Wl 10 mM Tris, 1 mM EDTA bu¡er pH 8.0 and boiled for 10 min. After lysis the suspension was stored at 320³C. For each reaction 2 Wl of the lysis suspension was used. The PCR ampli¢cation was performed according to Aarestrup et al. [11] , using the PCR primers shown in Table 2 . The annealing temperature was set 5³C below the calculated melting temperature (T m ) [12] . All strains were tested for the content of the genes intI [9] , ant (3Q)-Ia [13] , pse-1 [14] , qacEv1 and sul1 [8] . The PCR method was optimised to detect amplicons in the range of 300^1500 bp. The 5PCS and 3PCS primers (int1F and int1B) were used in combination with the primers for the antibiotic resistance genes to determine the content of integrons. All amplicons positive with the primers for antibiotic resistance genes were sequenced.
DNA sequencing
After PCR ampli¢cation the DNA was puri¢ed using a QIAquick1 PCR Puri¢cation Kit (Qiagen, Hilden, Germany) and the nucleotide sequence was determined by cycle sequencer using AmplitaqFS dye terminator kit and a 373A automatic sequencer (Applied Biosystems/Perkin Elmer, Foster City, CA, USA) [14] . For analysis of data DNAsis software was used (Hitachi Software Engineering Co., Ltd).
Results
Antimicrobial resistance
The resistance patterns of the eight Danish Typhimurium DT104 isolates are shown in Table 1 . Two of the eight isolates were sensitive to all the antimicrobial agents tested. One isolate (No. 9423245) was resistant to Sp, Sm and Su and the ¢ve isolates were multiresistant and had the resistance pattern: Ap, Cm, Sp, Sm, Su, Te.
PCR mapping and sequencing of antibiotic resistance gene cassettes and integrons
Two distinct integrons were detected by the use of PCR. From the ¢rst integron, a PCR product of 1008 bp was obtained (Fig. 1A) using the int1F and int1B primers. The sequence of the 1008-bp fragment con¢rmed the presence of the aminoglycosideresistant gene cassette ant (3Q)-Ia, which conferred resistance to streptomycin and spectinomycin. The amplicon from the second integron was 1133 bp when the same primers were used and corresponded to the conserved regions of the integron together with the pse-1 gene cassette that encoded a L-lactamase (Fig. 1B) . Fig. 1 . Relation between integron structure and PCR products obtained using a range of primers for InC and InD detected in Danish Typhimurium DT104. The lines below the integron structure represent amplicons and the black boxes regions that were sequenced. The primers were used in di¡erent combinations to reveal the arrangement and content of the integrons. The numbers above the PCR products refer to the primers used (see Table 2 ). 5PCS and 3PCS represents the 5P and 3P conserved segments of the integron; qacE and sul1 encode resistance to disinfectant and sulfonamide respectively. Numbers correspond to sequence positions in GenBank accession number D43625 [13] .
Both integrons were detected in ¢ve of the eight Danish Typhimurium DT104 isolates whereas the ¢rst integron with the 1008-bp amplicon was found in the one isolate resistant to Sp, Sm and Su only (Table 1) . From this isolate six di¡erent PCR products were obtained using primers in di¡erent combinations as shown in Fig. 1A . No amplicon was obtained using primers 9 and 10 ( Table 2) . The same six amplicons were also obtained from the ¢ve multiresistant strains. However, from each of these strains four additional PCR products were also obtained, which corresponded to regions of the pse-1 gene cassette. No PCR product was obtained from the two sensitive isolates with any primer combination indicating that no integrons were present. The amplicons and sequenced regions of the two integrons are illustrated in Fig.  1A ,B.
Discussion
In the present study two integrons with di¡erent resistance gene cassettes were identi¢ed in Typhimurium DT104. The 1008-bp amplicon showed complete homology to the integron InC described by Kazama et al. [13] (GenBank accession number D43625) when the sequences were compared. In comparison with aadA2 from plasmid pSa this gene cassette di¡ered by a single nucleotide [9] .
The second integron encoded the L-lactamase gene pse-1 (Fig. 1B) . Although the sequence published by Zuhldorf and Wiedemann [15] contained the antibiotic resistance gene cassette, 5P conserved segment and 59 bp, the presence of the integron was not acknowledged. In this study we have demonstrated that pse-1 is located within an integron. The presence of an integron and the pse-1 gene as a single cassette has to our knowledge not been described. We therefore suggest InD as a designation.
Both integrons detected were of class I which is the most prevalent type among clinical isolates [9] . Sallen et al. [16] reported a high incidence of an integron that contained the ant (3Q)-Ia gene among clinical isolates of antibiotic-resistant Enterobacteriaceae but they did not ¢nd two di¡erent integrons in the same isolate. In contrast to these authors we have identi¢ed two distinct integrons within the same isolate.
The recognition of the two integrons does not account for the entire phenotypic resistance of the Typhimurium DT104 isolates. It is possible that larger integrons are present but were not detected or that the two observed integrons are positioned in a larger mobile DNA element that contains additional resistance genes.
Since the PFGE of all the eight isolates indicated a close relationship between the Typhimurium DT104 isolates it is possible that all isolates came from a common sensitive ancestor and that the resistant isolates have accumulated integrons as a result of selection pressure. Further investigation of both location of the integrons and the additional resistance genes is in progress. 
